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INTRODUCTION
The portal vein (PV) usually terminates by bifurcating into the right and left PV branches. Other termination patterns include a bifurcation into a common left PV trunk and the right anterior PV trunk; trifurcation; and quadrifurcation [2, 11] . These terminations may be extracapsular, capsular, or intrahepatic [17] . Variations in level and pattern of termination influence the risk of vascular injury during procedures such as hepatectomies, split or living donor transplantation, PV embolisation, and the placement of transjugular intra-hepatic portosystemic shunts (TIPS) [13] . Knowledge of these variations decreases complication rates in these procedures and is also important in identifying the location of liver lesions [6, 7] . These variations also increase the risk of bile duct hilar anatomical variation [16] . Furthermore, the branching pattern de-termines the orientation of the branches, which is vital for surface mapping of the liver during hepatic segmentectomy [1] . The frequency of these variations displays population differences [12, 14, 17] . Data from African populations is, however, unavailable. This study therefore examined the level and pattern of termination of the main trunk of the portal vein (MPV) in a black Kenyan population.
MATERIALS AND METHODS
One hundred livers, obtained between 2010 and 2011 from adult black Kenyans during autopsy and dissections at the Department of Human Anatomy, University of Nairobi, Kenya were used in this study. Ethical approval for the study was granted by Kenyatta National Hospital-University of Nairobi Ethics and Research Committee. Cirrhotic livers and those harvested from individuals with abdominal injuries involving the liver and the portal system or history of previous hepatic and pancreatic surgery were excluded from the study. Livers which the pathologist had cut during autopsy were also excluded.
Once the abdomen was opened and its viscera exposed, the hepatogastric and hepatoduodenal ligaments were cut to separate the liver from the stomach and the duodenum. The stomach was then retracted laterally. The duodenum and the coils of small intestines were retracted posteroinferiorly to expose the head of the pancreas, which was then carefully retracted laterally to expose the location of the MPV formation. Once identified, the PV was followed superiorly along the right free border of the lesser omentum up to the porta hepatis. The liver was subsequently detached from the anterior abdominal wall by incising the falciform ligament, and from the diaphragm by incising the triangular and the falciform ligaments. The PV was cut close to its formation and the whole liver lifted from the abdominal cavity with the vein attached.
The liver was cleared of clotted blood and fixed by infusing 10% formaldehyde solution through the PV for 10 min. Acrylate monomers (from Dawa pharmaceuticals, Kenya) were mixed and infused into the PV. The liver was kept for 3 days at 4 o C for the monomers to set while keeping the liver soft.
To determine the level of termination of the PV, the common hepatic duct, common hepatic artery, and the connective tissue surrounding them were dissected away and the PV followed to the porta hepatis. Termination was taken to be extracapsular if there was an interval between the point of PV termination and the liver surface. Capsular termination, on the other hand, was one in which the PV termination was adherent to the liver surface. If part of the liver had to be dissected to reveal the PV termination, this was defined as intra-hepatic termination.
The branching pattern of the PV was classified after Atasoy and Ozvurek [2] , as follows: Type 1 -conventional bifurcation; Type 2 -variant bifurcation in which the PV gave the right anterior PV and a common trunk from which arose the left PV and right posterior PV; Type 3 -trifurcation if it gave three branches -the right anterior, right posterior and the left portal veins. In addition, we included what we called type 4, that is: quadrifurcation if it gave, besides the branches observed in Type 3, a branch to the caudate lobe whose diameter was at least a third of that of the PV. All observations were recorded and photographs taken with a highresolution digital camera. Observations to determine the branching pattern were each made by two different persons to counter intra-observer variability. The results are presented in a table, a bar graph, and macrographs.
The pattern and level of termination of the PV were compared to establish whether or not there was a correlation using Pearson's Correlation -Free Statistics Software (Calculator) [18] .
RESULTS
A single PV was present in all the cases and entered the liver at the porta hepatis together with common bile duct and hepatic artery proper. It lay posterior to both structures. However, it displayed variations in level of termination and terminal branching pattern.
Level of termination of the portal vein
The termination of the PV was extrahepatic in 54% of the cases. Of these, 40% were capsular termination while the rest (14%) were extracapsular termination. Intrahepatic termination occurred in 46% of the total study population (Fig. 1) . The conventional termination of the PV (Type 1) occurred in 51% of cases while Type 2 pattern of termination had a prevalence of 15%. The prevalence of Types 3 and 4 was 22% and 12%, respectively (Fig. 2 ). When the pattern and level of termination of the PV were compared in the current study, the correlation coefficient was 0.95 (p = 0.05). The comparisons are shown graphically in Figure 3 .
DISCUSSION
The portal venous trunk shows variations in its level and pattern of branching [1] . Such variations increase the risk of vascular injury during surgical procedures such as hepatectomies; split or living donor transplantation and other complex interventional procedures such as PV embolisation and the placement of TIPS [13] .
Observations of the present study have revealed that PV is present in all cases. Indeed, as reported, its absence is rare [10] . Similar to accounts in the literature, variations occur frequently in the level and pattern of termination of the PV [1] .
The level of termination of the PV determines the position of shunt placement during TIPS. In the current study, 54% of the cases terminated extra hepatic (n = 100), higher than 47% (n = 70) reported for a Chinese population [12] , and 48.4% (n = 57) for a Caucasian population [17] . In 46% of the cases the termination was intrahepatic. This is higher than the figure of 26% reported for the Caucasian population [17] . Capsular termination occurred in 40%, higher than the figure of 25.8% reported for the Caucasian series [17] . From these studies, which were all cadaveric, there appear to be wide variations in the level of PV termination. Although the sample size may explain the disparity, it is probable that actual ethnic differences exist.
A correlation coefficient of 0.95 (p = 0.05) for the level and pattern of termination shows that there is a strong positive influence of the level of termination of the PV on its pattern of termination. Thus, an extra-capsular termination is more likely to give a conventional pattern of termination compared to an intra-capsular one. Similarly, a variant PV termination is more likely to occur in an intra-capsular termination than in an extra-capsular termination. This should be borne in mind when performing liver surgical procedures.
Anatomical variations in the branching of the PV are relatively common [2, 6] . The most remarkable observation of the current study is the low preva-lence (51%) of Type 1 mode of termination compared to prevailing reports in literature (Table 1) . Type 1 termination is associated with reduced risk during hepatic procedures [16] . This suggests that the Kenyan population is more vulnerable to injury during surgery and radiologic intervention. The 49% variant termination in the present study is significantly higher than the 10-35% sonographic and computed tomography portographic reports found in literature [3, 4, 6, 8] for Oriental and Caucasian populations (Table 1 ). Although the current study is based on gross dissections, which might explain this difference, the previous studies used imaging techniques reported varying incidences. It therefore implies that methodological differences alone cannot explain this disparity, raising the possibility of an ethnic influence.
Type 2 termination occurred in 15% of the cases, higher than the reported figure of 8.4% from Korean and 9.7% from Turkish populations. It is nonetheless lower than the 23.5% reported in the Turkish population [11] . These results reveal wide variations in the prevalence of Type 2, again suggesting possible ethnic variations. However, we report a lower incidence of Type 2 branching pattern compared to the other variants since it has previously been reported as the most frequent [16] .
Both Types 3 and 4 are much more prevalent than those previously reported in literature ( Table 1) . The modes of termination are important in PV embolisation during percutaneous interventional procedures, liver transplants, segmentectomy, and PV embolisation [6] . This implies that nearly 50% of the black Kenyan population may be unsuitable liver donors [5] and are more vulnerable to hepatic injury and perforation during such procedures [7] . CT -computed tomography; MDCT -multi-slice computed tomography; MR -magnetic resonance
CONCLUSIONS
Variant termination of PV occurs in 49% of the study population, much higher than prevailing reports. This suggests that the population is more vulnerable to inadvertent injury during surgery and radiological intervention. Extra diligence should be exercised during procedures on the liver. Preoperative portal venography evaluation is thus emphasised. These observations also indicate that an extra-hepatic termination of the PV is more likely to have a conventional branching pattern compared to an intra-hepatic termination.
RECOMMENDATIONS
We recommend that future studies involving the level and pattern of MPV termination in a black Kenyan population be done using imaging studies. This would enable a closer comparison of these results with those from other populations, conducted in the recent past, employing imaging methods.
